ABSTRACT. In order to investigate the regional atmospheric radiocarbon offset, accelerator mass spectrometry (AMS) 14 C measurements were made on 5-yr increments of a Japanese wood sample dendrochronologically dated to 820-436 BC. The 14 C data from the Japanese tree-ring samples were compared with the IntCal04 calibration curve . In most parts, the differences between IntCal04 and 14 C dates in the Japanese tree-ring samples were within experimental statistical errors. At around 680 BC, however, significant differences of up to 100 14 C yr were observed. These differences may indicate either regional offsets in Japan or the short-term fluctuation of a subdecadal timescale in atmospheric 14 C variations.
INTRODUCTION
It is generally assumed that radiocarbon dates can be calibrated precisely within assigned limitations using the international calibration data sets, the latest version of which is IntCal04 . Although these data are based on the compilation of extensive observations of atmospheric 14 C variations over time from several 14 C laboratories, the samples used for the compilation have been limited to a rather small number of areas in the world. Tree-ring samples, which provide the most precise calibration data, have typically been obtained from Europe and North America.
Regional offsets, the differences in 14 C ages between the international calibration data set and individual sites, have been discussed by several researchers (e.g. Stuiver and Braziunas 1998; Hua et al. 2004) . For example, offsets between the 2 hemispheres were identified by McCormac et al. (1998) and Hogg et al. (2002) . Based on 14 C measurements of contemporaneous wood samples for the Northern and Southern hemispheres between AD 950 and 1950, differences in the 14 C concentration between the 2 hemispheres and their time dependence became apparent. This led to the development of a Southern Hemisphere-specific calibration curve (SHCal04, McCormac et al. 2004 ).
Regional offsets have been observed even within a hemisphere. Kromer et al. (2001) suggested that 14 C concentrations in Turkish wood during the period 800 to 750 BC differed from IntCal98. Sakamoto et al. (2003) also suggested possible regional 14 C offsets for Japan during the 2nd century AD by measuring 14 C in Japanese cedar tree rings. These examples indicate that more attention should be paid to regional 14 C offsets. In order to avoid biasing in calibration, it is important to investigate regional 14 C offsets for the region of interest and its time variation.
In this study, we performed accelerator mass spectrometry (AMS) 14 C measurements for a dendrochronologically dated Japanese cypress for the period 820-436 BC. The 1st millennium BC has been of great interest in archaeological research in Japan because a major cultural change took place during this period. The Jomon culture, characterized by a hunter-gatherer style of life, gave way to the Yayoi culture, characterized by paddy-rice agriculture and the subsequent use of iron and bronze. According to our recent investigations (Fujio et al. 2005) , the transition started at around the 9th to 10th century BC in the northern part of the Kyushu Islands, then gradually spread eastward and reached northeastern Honshu in the 3rd to 4th century BC. In the past few years, we have obtained a number of 14 C measurements in the Yayoi period to investigate this period further and to better understand the cultural interactions between eastern Asia and the Japanese archipelago.
The possibility of a regional 14 C offset for Japan has been of great concern because the calibration curve is rather flat in the period 750-400 BC, and a regional offset would greatly affect the calibrations of 14 C dates and their interpretations. This study is also a part of our effort to construct a regional 14 C calibration curve for the Japanese archipelago and its neighbors, since it is expected that calibration data sets for individual regions should be more important in the future, in light of recent improvements in AMS precision and accuracy.
DESCRIPTIVE BACKGROUND
The sample specimen used in this study was cut from a wooden board before preservation treatment. The board was one of many wooden artifacts excavated from the Ouban 1 archaeological site (Hiroshima Prefecture, Japan), which dates from the middle of the Yayoi period. The wood was Japanese cypress, hinoki (Chamaecyparis obtuse), and had about 400 well-preserved tree rings. Dendrochronological dating was performed with a yearly precision by comparison with a standard ring pattern for Japanese cypress developed by the National Research Institute for Cultural Properties, Nara (1990) . As a result, the specimen included tree rings ranging between 820-436 BC.
The sample specimen was divided into 5-yr blocks. Since the ring widths varied from layer to layer, the weight of each block varied from 20 to 80 mg. Each tree-ring block was pulverized into fine pieces and treated with the conventional acid-alkali-acid (AAA) method using an automatic apparatus (Sakamoto et al. 2004 ). These AAA-treated samples were further processed with NaClO 2 and HCl to bleach out lignin with Cl 2 , and finally with 17.5% NaOH solution to remove most β-and γ-cellulose. The purified sample, mainly consisting of α-cellulose, was neutralized with HCl, washed with Milli-Q ® water, filtered, and dried at 110 °C overnight. Two samples from 445-436 BC failed to yield enough α-cellulose for AMS measurements.
Several mg of extracted α-cellulose were weighed and sealed in a quartz tube, together with CuO (elementary analysis grade: Merck, Ltd.) and Sulfix ® (elementary analysis grade: Wako Pure Chemical Industries, Ltd.), the latter being a mixture of cobalt and silver oxides used for removing sulfur oxide and halogens. The sample tube was heated to 850 °C for 3 hr to completely oxidize the α-cellulose. The gases obtained, including CO 2 , were transferred to the high-vacuum CO 2 purification system at the National Museum of Japanese History, and CO 2 was purified cryogenically. The purified CO 2 was then reduced to graphite at 600 °C in the presence of hydrogen and an Fe catalyst. The graphite was pressed into targets for AMS measurement, which was performed at MALT (Micro Analysis Laboratory, Tandem Accelerator), the University of Tokyo (Pelletron 5UD, NEC) (Matsuzaki et al. 2004 ). 
RESULTS AND DISCUSSION
The results of the 14 C measurements for each sample specimen are given in Table 1 . The errors include the statistics of 14 C counts in tree-ring samples, uncertainties in the 13 C/ 12 C and 14 C/ 12 C ratios of the standards, and processed blanks. Uncertainty given for the certified 14 C value of HOxII standard was not included. Processed blank samples were prepared in the same manner from commercial graphite powder (99.9%, Soekawa Chemical Co. Ltd.), which was confirmed to have the same 14 C level as IAEA C1 standard. The extent of modern carbon contamination was ~0.1 pMC or less, practically negligible.
In Figure 1 , the results obtained in this study are illustrated with the IntCal04 calibration curve ) for comparison. The deviations from IntCal04 are also plotted against calendar year (Figure 1, lower panel) . Error bars illustrated in Figure 1 represent 1-σ uncertainty. The 2 data sets mostly agree well within 2-σ error. The overall distribution of those differences shows a normal distribution with a standard deviation of around 25 14 C yr (Figure 2 ). The weighted average of these differences was calculated to be 3.5 ± 3.6 14 C yr. Considering that the error given for each measurement mostly ranges from 25 to 40 14 C yr, we conclude that our 14 C data from Japanese tree rings agree well with IntCal04, which was based on tree rings from North America and Europe.
The differences from IntCal04 are up to ~100 14 C yr for a few data points at around 680 BC. Such a cluster of exceptional data is hard to explain by a purely statistical error. In Figure 3 , 10-yr moving averages of results obtained in this study are illustrated in the same manner as Figure 1 . The magnitude of differences from IntCal04 become smaller than the raw results for 5-yr samples. Since the data used for construction of IntCal04 in this period are decadal samples-while the present results are obtained for 5-yr samples-this might represent short-term fluctuation of 14 C variations, like an 11-yr solar cycle. To confirm this possibility, we plan to measure 14 C for single-year samples. However, we cannot exclude the possibility that these differences are caused by local effects in a limited area, rather like the influence volcanic gases can have in producing old 14 C ages. We also plan to measure other tree-ring samples of the same periods, taken from a different area of Japan and from other countries.
CONCLUSION
From the 9th to 5th century BC, the atmospheric 14 C variation in Japan is in acceptable agreement with the IntCal04 calibration curve, which was constructed with 14 C ages of tree rings from Europe and North America. However, significant differences were observed at around 680 BC. We plan to investigate these deviations in more detail by using single-year tree-ring samples and samples from other areas. 
